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13
Ticks are vectors of pathogens which are important both with respect to human health and 14 economically.
15
They have a complex lifecycle requiring several blood meals throughout their life. These 16 blood meals take place on different individual hosts and potentially on different host species.
17
Their lifecycle is also dependent on environmental conditions such as the temperature and 18 habitat type.
19
Mathematical models have been used for the more than 30 years to help us understand how 20 tick dynamics are dependent on these environmental factors and host availability.
21
In this paper we review models of tick dynamics and summarise the main results. This 22 summary is split into two parts, one which looks at tick dynamics and one which looks at tick 23 borne-pathogens.
24
In general, the models of tick dynamics are used to determine when the peak in tick densities 25 is likely to occur in the year and how that changes with environmental conditions. The 26 models of tick borne pathogens focus more on the conditions under which the pathogen can 27 persist and how host population densities might be manipulated to control these pathogens.
28
In the final section of the paper we identify gaps in the current knowledge and future 29 modelling approaches. 
42
In any given geographical region tick population dynamics are dependent on a number of 43 biotic and abiotic factors including the density of different host species, and other factors that 44 influence survival and activity such as temperature and humidity and vegetation types, the 45 latter of which provide habitats for different hosts and create different microclimates.
46
Mathematical models have been used extensively to predict the dynamics of tick populations 47 under different conditions including climate change. However, high tick densities do not 48 necessarily mean high prevalence or risk of tick-borne pathogens, since this is dependent not 49 only ticks but also competent transmission hosts. Therefore, models have also been used to 50 predict the tick-borne pathogen dynamics and the theoretical effectiveness of different tick-51 borne pathogen control methods under different environmental or management scenarios. In 52 this paper we will review the use of those models for different systems, summarise they key 
66
In winter ticks often enter behavioural diapause induced by cold and/or short day length 67 (Randolph et al. 2002 ; but see Gray 1987) . Therefore, tick activity is highly seasonal with 
76
One of the first mathematical models developed to describe tick population dynamics was 77 published in 1981 (Gardiner, et al. 1981 These would therefore be important characteristics of an area to measure in order to 170 predict these distributions. and it is the area of expertise of the authors. It also illustrates many of the biological features 180 which need to be incorporated into models and so is a good case study for models of other 181 system.
182
In general transmission of these pathogens can occur in three ways (although also see Park et 
Louping Ill Virus
194
A large body of increasingly complex models have been used to help us understand LIV, utilising it to study the dynamics of the system in bounded and unbounded spaces. For 386 bounded habitats a threshold for pathogen persistence was predicted, whilst for unbounded 387 habitats they were able to predict the speed of pathogen spread. 
Summary
408
Borrelia burgdorferi is another pathogen for which the dilution effect appears to occur. In 
KNOWLEDGE GAPS AND FUTURE DIRECTIONS
446
As we have seen mathematical models have been used for more than 30 years to help to areas are going to have higher and lower Lyme disease risk then we could target efforts to 473 educate the public on how to avoid being bitten in those high risk areas.
474
The second direction which we predict tick modelling will move is to further a new 
490
Effects of deer density on tick infestation of rodents and the hazard of tick-borne encephalitis. 
